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New modulation strategy on raising voltage transfer ratio
for matrix converts
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Abstract: Voltage transfer ratio is a key element to restrict matrix converter industrialization all the time. The concrete
modulation strategy has not been put forward as yet for voltage transfer ratio to break through 0.866.A modulation strategy
is put forward to make the voltage transfer ratio excess 0.866 and reach maximum 0.955 in this paper.First Its converting
process was imagined into rectifying and inverting links.In rectifying process, the input current space vector modulation was
adopted; while in inverting process, the space vector over-modulation modeqwas applied to output voltage.Then the direct
AC-AC converter was gotten by eliminating the middle direct current link.The inverting process was mainly analyzed.A
concrete control algorithm was given and the voltage transfer ratio formula was deduced.Finally, simulation results show
that the modulation strategy can raise the voltage transfer ratio of matrix converters, which has some theoretical research
values and a good application future; but it increase harmonics. Filtering measures must be taken.
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1 ÚÚÚóóó(Introduction)
Ý
C�ìäkg��Ãõ`:[1∼4], ®¤�

�–�CªïÄ�9:. Ù;.�ÿÀ(��n�Ñ
\–n�ÑÑ,Xã1¤«.
Ý
C�ìïÄõc§��8ÿ��¬z§

�Ì���Ï´>ØDÑ'$!vk¤Ù�V�

m'ì�[5]. k'>ØDÑ'�ïÄÌ�8¥
u20­V80c�¥!�Ï, �ïÄ�>ØDÑ'Ñ
´30.866±e[1,6,7].
>ØDÑ'30.866±þ�ïÄ, �8IS��

�'��; I	ïÄ�4�[8,9]. �þ��ÑäN�
���{. nÜIS	3�6Ú_C�¡�LN�

ïÄ[10∼12], JÑN�üÑ±ïÄ>ØDÑ'.ïÄ
é��n�–n���–�.Ý
C�ì.

ã 1 n�–n�Ý
C�ì�{zÿÀ
Fig. 1 Simplified topology of three phase to

three phase matrix converter

ÂvFÏ: 2004−12−28;Â?UvFÏ: 2005−05−26.
Ä7�8: ���ÆÆ¬�ïéÄ�8 (06QDZ03).
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CCC���ììì���###...NNN���üüüÑÑÑ(New modu-
lation strategy of matrix converter)
�©rÝ
C�ìJ[��6Ú_Cü��!,

���{zÿÀ(�Xã2¤«. ^Ñ\>6�m¥

þN�¢yJ[�6,^ÑÑ>Ø�m¥þLN�

�ªq¢yJ[_C,,��Ø¥m�6�!,��

�–�.Ý
ªC�ì.

ã 2 Ý
C�ì����–�–�(�

Fig. 2 Equivalent AC–DC–AC of matrix converter

2.1 AC-DC���ÑÑÑ\\\>>>666���mmm¥¥¥þþþNNN���(AD-DC

input current space vector modulation)
ã2¥�–�C�ì(J[�6ì, �>J�µ

S)ÑÑ��6>6Ú>Ø©O�IdcÚUdc, ã

¥pÚn©O�J[�6��!K1�, Ua, Ub, Uc©

O�n�Ñ\�>Ø. Ñ\>6�m¥þN�X

ã3¤«.

ã 3 Ñ\>6�m¥þN�

Fig. 3 Modulation of input current space vector

?��m>6¥þIγ�dÙ¤3÷«���ü

¥þIα, Iβ9"¥þÏLéAÓ�'Ü¤, ��©

z[1].

bX>6�m¥þ u11÷«�−30◦ 6
(ωit− ϕi + 30◦) 6 30◦�,�

θi = (ωit− ϕi + 30◦) + 30◦. (1)

�½n�é¡ÑÑ�>6ÚÑ\>Ø:

ioL =
Iom√

3
·




cos(ωot−ϕo−ϕL+30◦)

cos(ωot−ϕo−ϕL+30◦−120◦)

cos(ωot−ϕo−ϕL+30◦+120◦)


 ,

(2)

Viph =




ua

ub

uc


 =




cos(ωit− ϕi)

cos(ωit− ϕi − 120◦)

cos(ωit− ϕi + 120◦)


 . (3)

Kã2J[�6�ÑÑ>ØÚ>6©O�[1]

Udc = TT
VSR · V iph =

3
2
·mc · Vim · cos ϕi =

√
3

2
·mcVLM · cos ϕi, (4)

Idc = TV
VSI · ioL =

√
3

2
Iommv cos ϕL. (5)

ª(2)�ª(5)¥, ϕi, ϕo©O�Ñ\ÚÑÑ>Ø

�Ð��; mc, ϕL ©O�Ñ\>6N�XêÚ

ÑÑK1�Ð� ; ωi, ωo©O�Ñ\ÚÑÑ�

�ªÇ; VimÚVLM©O�Ñ\�!�>Ø�Ì�;

TVSRÚTVSI©O�J[�6Ú_C�C�Ý
.

2.2 DC-AC���ÑÑÑÑÑÑ>>>ØØØ���mmm¥¥¥þþþLLLNNN������
ªªªq(DC-AC output voltage space vector over-

modulation mode q)
DC-ACÜ©Xã2m>�J�µSÜ©. >Ø�

m¥þN��±©�3�«�: �½>Ø¥þª:

 u�a±S��~N�, u�a	Ú�bS�LN

��ªI§ u�b	Ú�dS�LN��ªq, �Ñ

�d,KJ[_Cì�ÑÑ>Ø��Å,Xã4¤«.

ùp?ØÑÑ>Ø�m¥þLN��ªq,=ï

Äã4¥�bÚ�d�m�N�,½=ïÄ>Øë�¥

þ u�cþ�N�.

ã 4 �m¥þN����«�

Fig. 4 Control area of space vector modulation

2.2.1 ���������{{{£££ããã(Description of control algo-

rithm)
lã4xÑo©��«�?1©Û, Xã5¤«.

éA,�÷«,�½>Ø¥þUr lUi �m©^=,
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 un�/ADO′	�,N���>Ø¥þUp  u

8>/º:A§�±�Ä�>Ø¥þUi. �Ur^=

�n�/ADO′S�, N���>Ø¥þUp u8

>/�>þ, XBC, ���Ur�����. �Urq

^=�n�/ADO′	�§XLF:, N���>

Ø¥þUpa�8>/�º:D, �±�Ä�>Ø¥

þUi+1
[11,12].

2.2.2 ������üüüÑÑÑ���¢¢¢yyy(Realization of control

strategy)
1)�±��(½.
Xã5¤«, À�a��I¶�E²¡þ�¢

¶, ¿�>Ø¥þÐ© ��a��I¶­Ü.�
�>ØN�Xêmv��±�αh�'X: mv =

1
sin(π

3
− αh)

, 0 6 αh 6 π

6
,ddª�

αh =
π

3
− sin−1 1

mv
,

2√
3

6 mv 6 2. (6)

dª(6)��,�½�>ØN�Xêmv,�(½é
A��±�.

ã 5 LN��ª q���G¹
Fig. 5 Control situations of the over-modulation mode q

2)ÑÑ>ØÄÅÌ��¦).
duäké¡5, ��©Ûo©��«�, Ò

�±��LN��ÑÑ>ØÄÅÌ�. Xã5¤
«, l0◦�90◦��S, |^AÛ�£�, LN��
ªq�a�ÑÑ>Ø¼ê�

f1 =
2
3
Udc(0 6 θ 6 αh), (7)

f2 =
1√
3
·Udc · cos θ

sin(
π

3
+θ)

(αh 6θ6 π

3
−αh), (8)

f3 =
1
3
· Udc(

π

3
− αh 6 θ 6 π

3
+ αh), (9)

f4 =
1√
3
· Udc · ctgθ(

π

3
+ αh 6 θ 6 π

2
). (10)

ª¥αh�LN��ªq����Ý=�±�,
Udc��61�>Ø.
éù4�©ã�>Ø¼ê?1Fourier?ê©Û,

(½a�ÑÑ>Ø�ÄÅÌ�:

F =
π

4
[
w π

2

0
f cos θ · d θ]. (11)

dª(7)∼(10)�\ª(11)�a�ÑÑ>Ø�ÄÅ
Ì��

F (αh) =

Udc√
3 · π [4

√
3 sin αh+3 ln

1+sin(
π

6
− αh)

1−sin(
π

6
− αh)

], (12)

ª¥0◦ 6 αh 6 30◦.
ª(6)�\ª(12)�

F (αh) =
Udc√
3 · π · [4

√
3 · sin(

π

3
− sin−1 1

mv
) +

3 ln
2mv +

√
3−√

m2
v − 1

2mv −
√

3 +
√

m2
v − 1

]. (13)

2.2.3 >>>ØØØDDDÑÑÑ'''(Voltage transfer ratio of matrix
converter)

éÝ
C�ì5`, þã�6>ØÚ>6Ñ´
J[�[1], Ïd, ��¥m�6�!, =òª(4)�\
ª(13),�

F (αh)=
mcVLM cos ϕi

2 · π [4
√

3 · sin(
π

3
−sin−1 1

mv
)+

3 ln
2mv +

√
3−√

m2
v − 1

2mv −
√

3 +
√

m2
v − 1

]. (14)

½Â�>ØDÑ'q =
√

3F

VLM
,=k

q =
mc cos ϕi

2 · π · [12 · sin(
π

3
− sin−1 1

mv
) +

3
√

3 ln
2mv +

√
3−√

m2
v − 1

2mv −
√

3 +
√

m2
v − 1

]. (15)

ª¥
2√
3

6 mv 6 2, 06mc 6 1©O�ÑÑ>Ø�m

¥þLN��ªqÚÑ\>6�m¥þN��Xê.
dª(15)��,Ý
C�ì�>ØDÑ'�Ñ\

>6N�Xê!ÑÑ>ØLN�Xê±9Ñ\>


õÇÏêk'.
1) Ñ\>6�m¥þ��~N�, �mc�1, d

�Ý
C�ìN�Xêm = mv; qÝ
C�ì
�Ñ\õÇÏê�±?¿N!, �cos ϕi = 1, K
ª(15){z�

q =
1

2 · π · [12 · sin(
π

3
− sin−1 1

m
) +

3
√

3 ln
2m +

√
3−√m2 − 1

2m−√3 +
√

m2 − 1
], (16)

ª¥
2√
3

6 m 6 2. Tª�N
>ØDÑ'q�N�
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Xêm�'X,Xã6¤«.

dã6��, N�Xê��2.0�, >ØDÑ'J

p�0.955, ù«N�üÑ�±Jp>ØDÑ'. T

ã��±å����ã��^.

ã 6 >ØDÑ'�N�Xê�'X

Fig. 6 Relation between the voltage transfer

ratio and modulation index

2) �±?1Ñ\õÇÏê�ÑÑ�>ØLN

��nÜN�,>ØDÑ'q�N�Xêm, õÇÏ

êPF�'XXã7¤«.

ã 7 >ØDÑ'�N�Xê!Ñ\õÇÏê��'X

Fig. 7 Relation among voltage transfer ratio, modulation

index and input power factor

3 ���ýýý¢¢¢���(Simulation)
|^MATLAB�ó�O��§S!ïá�ý

�.[13∼16]. �ýëê�: ÑÑªÇ80 Hz, m'ª

Ç 3 kHz,Ñ\>6N�Xê1.0,ÑÑ>ØLN�X

ê2.0,Ñ\>
�n�²ï220 V�>Ø.�ýÅ/

Xã8�ã11¤«. o�5w,ù«N�üÑ´�1

�,�±Jp>ØDÑ'(lã9�ªÌ©Û��,Ñ

Ñ�>Ø�ÄÅÌ�Jp
), �O\
�Å,ù´

LN����":. lã8Úã95w,Ñ\>6ÚÑ

Ñ>Ø�²þ����uÅ,
�~N��,§��

�uÅ,w,O\
�Å�K�;ã10Úã11�kÓ

��¯K.Ïd, 7Læ�ÈÅ��.ã¥: fL«ª

Ç, AML«Ì�.

ã 8 Ý
C�ìÑ\>6²þ�9ªÌ©Û

Fig. 8 Input current local average and its spectrum

analysis of matrix converter

ã 9 Ý
C�ìÑÑ>Ø²þ�9ªÌ©Û

Fig. 9 Output voltage local average and its spectrum

analysis of matrix converter

ã 10 Ý
C�ìÑÑ>ØPWMÅ9ªÌ©Û

Fig. 10 Output voltage PWM wave and its spectrum

analysis of matrix converter
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ã 11 Ý
C�ìÑ\>6PWMÅ9ªÌ©Û

Fig. 11 Input current PWM wave and its spectrum

analysis of matrix converter

4 (((ØØØ(Conclusion)
1) �©JÑ�ù«N�üÑ´�1�, �±k

�Jp>ØDÑ',����0.955.

2)�©�Ñ�ã6,�±�é®�ëê?1�ã,

(½N�üÑ;��±Úã²�å?1½5©Û.

3)�±ÏLÑ\õÇÏê��LN�Xê�é

Ü��,Jp>ØDÑ'.

4)LN�¦Å/�þü$,7I3Ñ\!ÑÑà

�OÈÅì�Øpg�Å.
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